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Abstract
Objective – To assess the prognostic value of echocardiographic parameters of left ventricular (LV) function in
horses with systemic inflammatory response syndrome (SIRS).
Design – Prospective observational study.
Setting – Veterinary teaching hospital.
Animals – Forty-one horses admitted for colic with clinical evidence of SIRS.
Interventions – All horses underwent Doppler echocardiographic examination on admission. LV echocar-
diographic parameters, including pulsed-wave tissue Doppler imaging parameters, were compared between
nonsurvivors (n = 29) and horses that survived to discharge (n = 12).
Measurements and Main Results – With comparable heart rate and LV preload estimate, LV stroke volume
index, the velocity time integral, deceleration time, ejection time of Doppler aortic flow, and peak early diastolic
myocardial velocity were lower in the nonsurviving than in the surviving horses, while pre-ejection period to
ejection time ratio (PEP/ET) of Doppler aortic flow and the peak early diastolic filling velocity to peak early
diastolic myocardial velocity ratio (E/Em) were higher (P < 0.05). A cut-off value of 0.26 for PEP/ET predicted
mortality with 100% sensitivity and 42% specificity (area under the receiver operating characteristic curve: 0.71),
whereas a cut-off value of 2.67 for E/Em predicted mortality with 100% sensitivity and 83% specificity (area
under the receiver operating characteristic curve: 0.89).
Conclusions – Echocardiography may provide prognostic information in colic horses with clinical evidence of
SIRS. Especially, PEP/ET and E/Em could be useful markers of systolic and diastolic dysfunction, respectively,
to detect horses with a high risk of death requiring more intensive cardiovascular monitoring as it has been
reported in human patients with septic shock.
(J Vet Emerg Crit Care 2014; 24(3): 302–310) doi: 10.1111/vec.12177
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2D two-dimensional mode
EDV left ventricular end-diastolic volume
E/Em peak early left ventricular filling velocity to
peak early diastolic myocardial velocity ratio
Em peak early diastolic myocardial velocity
EF left ventricular ejection fraction
ET left ventricular ejection time
ETI left ventricular ejection time index corrected
for heart rate
HR heart rate
IVRT isovolumetric relaxation time
LV left ventricle
MODS multiple organ dysfunction syndrome
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PEP left ventricular pre-ejection-period
PW-TDI pulsed-wave tissue Doppler imaging
SD standard deviation
SI stroke volume index
SIRS systemic inflammatory response syndrome
SS shock score




Endotoxemia is a common and potentially fatal compli-
cation of acute intestinal disease in adult horses.1 Endo-
toxic shock, like septic shock, involves hypovolemic, car-
diogenic, and distributive components resulting in tissue
hypoperfusion2 with a high risk for multiple organ dys-
function syndrome (MODS) and increased mortality in
equine1, 3 and human ICUs.4, 5 As a result, most clinical
and laboratory parameters currently used as prognostic
indicators of colic in adult horses are related to cardio-
vascular status.6
Endotoxins stimulate a systemic inflammatory re-
sponse syndrome (SIRS), which is associated with severe
hemodynamic disturbances via vasoplegia, a drastic
reduction in venous return and myocardial depression
causing a drop in systemic vascular resistance and car-
diac output (CO).7, 8 Sympathetic stimulation and release
of various endogenous substances provide a compen-
satory vasoconstriction and an increase in heart rate
(HR), myocardial contractility and venous return to pre-
serve CO. However, loss of vascular responsiveness to
catecholamines and myocardial depression finally con-
tribute to a progressive drop in CO and systemic vascular
resistance despite persistent tachycardia.2, 4, 7
A shock score (SS) combining several clinical and lab-
oratory parameters on admission enabled prediction of
survival in colic horses but could not discriminate, which
severely affected horses with shock were likely to re-
spond to treatment.6 A comparable “Mortality in Emer-
gency Department Sepsis Score,” based on clinical and
laboratory variables is currently considered inaccurate
in predicting mortality in people with severe sepsis or
septic shock,9 especially in the presence of tissue hypop-
erfusion associated with a high risk of MODS.10 Hemo-
dynamic monitoring is required in these patients to
predict the response to fluid therapy, the need for va-
sopressors or inotrope drugs and outcome.5, 11, 12 A poor
prognosis has been associated with persistent tachy-
cardia along with low systemic vascular resistance,11 a
refractory response to catecholamines,13 and slow lac-
tate clearance or low central venous oxygen saturation
postresuscitation.14 In critically ill horses, lactate clear-
ance after resuscitation recently emerged as a promising
marker of systemic hypoperfusion with some prognostic
value.15, 16
Although frequently observed in people with septic
shock, myocardial failure is rarely the cause of death in
these patients who succumb mostly from MODS.17 Nev-
ertheless, serum concentrations of cardiac biomarkers
(ie, cardiac tropinin T,18 amino-terminal pro-brain na-
triuretic peptide),19 and echocardiographic and Doppler
parameters of left ventricular (LV) systolic and diastolic
function proved to be strongly associated with outcome
in people with septic shock.4, 5, 11, 12, 20–22
A moderate increase in serum cardiac tropinin I in
the postoperative period has also recently been asso-
ciated with a poor outcome in 34 horses undergoing
emergency laparotomy.23 A previous echocardiographic
study has suggested a systolic dysfunction in colic horses
with clinical signs of endotoxic shock.24 To date however,
the prognostic value of echocardiographic parameters is
unknown.
The aim of this prospective study was to investi-
gate the value of two-dimensional (2D), Motion-Mode
(M-mode), Doppler, and pulsed-wave tissue Doppler
imaging (PW-TDI) echocardiography in predicting the
outcome of colic in adult horses with clinical signs and
laboratory parameters compatible with SIRS.
Material and Methods
Study population
Horses referred between March 2009 and September
2011 for colic with clinical and laboratory parameters
compatible with SIRS at admission were included in
the study (Table 1). The presence of SIRS was assumed
when horses were hyperlactatemic (plasma lactate >
2 mmol/L) or had low systolic arterial pressure (<
90 mm Hg) and fulfilled at least 2 of the following criteria:
1. hypo- or hyperthermia (rectal temperature <36.7◦C
or > 38.6◦C), 2. leukopenia or leukocytosis (WBC <
5,000/L or >14,500/L), 3) tachycardia (HR >50/min)
or 4) tachypnea (respiratory rate > 25/min). Horses eu-
thanized for financial considerations, immature horses
(< 2 years old), or horses that recieved 2-receptor ag-
onists before echocardiographic examination were ex-
cluded from the study.
Clinical data and blood analysis recording
HR, respiratory rate, and rectal temperature were
recorded at admission for each horse. Jugular vein
EDTA blood samples were obtained and immediately
analyzed. Lactate concentration was measured using
a portable devicea and WBC was determined using
an automatic analyzer.b Systolic arterial pressure was
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Table 1: Comparison of the means ± SD of the parameters used
to determine the presence of systemic inflammatory response
syndrome in 12 surviving and 29 nonsurviving adult horses ad-
mitted for colic. Least-squares-mean test was significant if P <
0.05 (ANOVA model including breed, body weight, age, sex, and
outcome)
Survivors Nonsurvivors
n = 12 n = 29 P-value
Heart rate (per min) 65.64 ± 18.43 79.71 ± 26.52 0.0818
Respiratory rate (per min) 27.1 ± 10.6 30.7 ± 14 0.1544
WBC (count/L) 12.01 ± 4.62 9.31 ± 5.32 0.26
Rectal temperature (◦C) 37.62 ± 0.65 37.8 ± 0.66 0.6135
Plasma lactate
concentration (mmol/L)
3.57 ± 3.67 3.43 ± 2.28 0.9939
SAP (mm Hg)∗ 94.7 ± 0 122.9 ± 26 –
SAP: systolic arterial pressure (noninvasive); ∗ insufficient data for statisti-
cal analysis: only available in 9 horses including only 1 survivor.
measured noninvasively by a manometer equipped with
an occlusion cuffc placed over the coccygeal artery.
Echocardiography
Each horse underwent echocardiographic examination
on admission. All echocardiographic records were per-
formed and analyzed by the same operator (LB) using
a portable echocardiographd equipped with a 1.5–3.6
MHz transducer. It permitted echocardiographic view
numeric recording (still frames or cine-loops) with a si-
multaneous continuous single lead base-apex ECG for
delayed analysis. All examinations were recorded digi-
tally and analyzed offline.e
Echocardiographic recordings and measurements
were obtained conforming to conventional methods.25–27
Assessment of aorta and cardiac chamber sizes was per-
formed using standard transthoracic 2D and M-mode
echocardiography. The following standard views were
recorded for analysis: a right parasternal 2D long-axis
5 chamber view, a TM short-axis view of the LV at the
level of the chordae tendinae, and a left parasternal 2D
long-axis 4 chamber angled view.
Assessment of LV wall motion was obtained from the
standard left parasternal short-axis view of the LV at the
level of the chordae tendinae by placing a sample volume
of 5.9 mm in the endocardial region of the LV free wall
in diastole with the PW-TDI mode. Special attention was
paid to keeping the sample volume on the myocardium
during all phases of the cardiac cycle. The velocity scale
was set to −30 cm to +20 cm/s.28
Assessment of aortic flow was performed using
standard transthoracic PW-Doppler echocardiography.
Transaortic flow velocity profiles were obtained from
the standard left parasternal long axis 5-chamber view
in PW-Doppler mode by placing the sample volume
(4.91 mm) downstream from the aortic valve in the aortic
root.29–31
Transmitral flow velocity profiles were recorded by
positioning the transducer as ventrally as possible and
angling dorsally from the standard left parasternal long
axis 4-chamber view in PW-Doppler mode with the sam-
ple volume placed between the opened tips of the mitral
leaflets in diastole.30, 31
Systolic function was assessed by means of fractional
shortening (FS = [LVIDd–LVIDs]/LVIDd) and ejection
fraction (EF: difference between end-diastolic and end-
systolic volume) derived from 2D and M-mode views,
completed by measurement of systolic time intervals
on pulsed-wave-Doppler aortic flow profiles. Although
these parameters reflect systolic function including my-
ocardial contractility, all of them are influenced by HR
and LV loading conditions. Pre-ejection period (PEP) was
measured from the onset of the QRS complex to the onset
of systolic aortic flow. PEP estimates the isovolumetric
contraction time or the time needed to generate enough
pressure within LV to open the aortic valve. Aortic ejec-
tion time (ET) was measured from the onset to the end of
aortic flow. ET typically decreases with reduced preload
(low volume) or force of contraction. ET index (ETI =
ET+ 0.55× HR) and pre-ejection period to ejection time
ratio (PEP/ET) were calculated to reduce the influence
of HR on systolic time intervals. Velocity of circumfer-
ential fiber shortening integrates the ET to the fractional
shortening equation (Vcf = FS/ET) and represents how
fast the ventricle shortens.27
Diastolic function was assessed by means of transmi-
tral flow velocity profiles in pulse-wave Doppler mode,
associated with isovolumetric relaxation time (IVRT) and
peak early diastolic myocardial velocity (Em) derived
from PW-TDI mode. Diastolic dysfunction may result
from impaired or delayed relaxation or from reduced
LV compliance. Peak early LV diastolic filling (E) cor-
responds to the rapid ventricular filling in early dias-
tole opposite to peak late LV ventricular filling result-
ing from atrial contraction (A). Combined to IVRT (time
from closure of aortic valve to onset of filling with open-
ing of mitral valve), E/A ratio permits to estimate the
filling pressure gradient between left atrium and LV.
They are affected by preload, myocardial relaxation and
HR. E peak depends on LV relaxation rate and filling
pressure during early diastole (influenced by left atrial
pressure, LV preload, succion, and compliance). Since
Em translates LV relaxation rate, peak early left ventric-
ular filling velocity to peak early diastolic myocardial
velocity ratio (E/Em) reflects LV filling pressure during
early diastole, typically increased in case of impaired
ventricle compliance resulting in a restrictive ventricular
filling.27
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In case of impaired relaxation (but also with tachy-
cardia or a falling preaload), the relaxation continues
until the late diastolic filling phase and the atrial con-
tribution increases in the ventricular filling leading to
a prolonged IVRT associated with a low E/A ratio on
the mitral flow profile combined with a low Em on PW-
TDI. Conversely, a restrictive ventricular filling leads to
a normal or shorter IVRT associated to high E/A and
E/Em.27
Statistical analysis
For statistical analysis, horses were separated into 2
groups according to outcome: nonsurvivor or survived
to discharge. Means and SDs were calculated for each
group and for each studied parameter. Some parameters
were corrected for body weight before statistical analy-
sis (index = variable/body weight). After verifying that
breed, sex, and outcome were independent (Pearson chi-
square test of independence), a series of ANOVA mod-
els were used to test whether echocardiographic and
Doppler parameters were statistically different across
the 2 groups, after adjusting for the effects of breed, sex,
weight, and age. The ANOVA model was as follows:
yi jkl =  + Ci + Bj + Sk + b1 Wijkl + b2 Ai jkl + ei jkl,
where y was the echocardiographic or Doppler parame-
ter on the mth horse with survival Ci (i = 0, 1), breed Bj
(j = 1, 2, . . . , 5), sex Sk (k = 1, 2, 3), weight (Wijkl) and age
(Aijkl),  was the overall mean, b1 and b2 are the linear
regression effect of Wijkl and Aijkl on yijkl, and eijkl was
the residual term, assuming independance between er-
ror terms. The null hypothesis of no difference between
ordinary least-squares means for the survival was tested.
The ability of each parameter to predict survival was
assessed by calculating the area under the receiver oper-
ating characteristic (ROC) curve and the Younden index
for each significant echocardiographic parameter (logis-
tic procedure) separately. The cut-off value offering the
highest Younden index was retained for each of these pa-
rameters with their corresponding sensitivity and speci-
ficity. A commercial statistical software packagef was
used for all statistical analyses. Statistical significance
was set at P < 0.05.
Results
Forty-one horses fulfilled the inclusion criteria during
the study period. Each horse had an SS of at least
3 of 4 according to criteria set by Grulke et al6 (ie,
HR>80/min, RR>35/min, PCV>55%, systolic arterial
pressure <90 mm Hg or plasma lactate >2 mmol/L).6
Animals included were 20 geldings, 17 mares, and 4
stallions. Breed distribution was 31 Warmbloods, 1 Ara-
bian, 1 Spanish Breed, 1 Frisian, and 7 riding ponies.
Mean ± SD age was 11.1 ± 6.6 years (range: 2–27 years)
and mean ± SD body weight was 484.5 ± 78.7 kg (range:
270–620 kg). Twelve horses survived to discharge from
the hospital. One horse died spontaneously at induc-
tion of anesthesia. Twenty-eight horses were subjected
to euthanasia, either early after admission due to a poor
surgical prognosis (15 horses), or during the postoper-
ative period (13 horses) because of reocurrence of colic
(8 horses) or multiple organ failure (5 horses).
Clinical and laboratory parameters were not signifi-
cantly different between survivors versus nonsurvivors
horses (Table 1). Echocardiographic studies for data col-
lection (3 views recording) did not exceed 15 minutes and
were easily integrated into the admission protocol dur-
ing the time allowed for rectal palpation and abdominal
ultrasound. Values for mean ± SD echocardiographic pa-
rameters derived from 2D-mode obtained in the 2 groups
and results of the ANOVA test are shown in Table 2.
Although the influence of body weight was significant
for several morphological echocardiographic variables
including end-diastolic and end-systolic LV internal di-
ameter, LV end-diastolic volume (EDV) and end-systolic
volume (ESV), none of these variables were significantly
different between the 2 outcome groups (survivors ver-
sus nonsurvivors). The EDV and ESV indexes corrected
for body weight (respectively, EDVI and ESVI), LV frac-
tional shortening and LV EF did not differ significantly
between survivors and nonsurvivors.
Values for mean ± SD Doppler parameters of systolic
function obtained in each group and the results of the
ANOVA test are shown in Table 3. CO, cardiac index
(CI), as well as maximal velocity (Vmax), pre-ejection-
period (PEP), acceleration time and acceleration rate of
aortic flow ejection, were not significantly different be-
tween the two groups. However, the velocity time inte-
gral, deceleration time and ET of aortic flow, stroke vol-
ume, stroke index (SI), and HR-corrected ET (ETI) were
significantly lower, and the PEP to ET ratio (PEP/ET) as
well as the mean velocity of circumferential fiber short-
ening (Vcf) were significantly higher in nonsurvivors
compared to survivors.
The area under the ROC curve was 0.73 for SI, 0.76 for
ET, 0.74 for ETI, and 0.71 for PEP/ET. A cut-off value of
1.78 mL/kg for SI predicted mortality with 83% sensi-
tivity and 62% specificity (Younden index (Y) = 0.56). A
cut-off value of 340 ms for ET predicted mortality with
75% sensitivity and 69% specificity (Y = 0.44). A cut-off
value of 377 ms for ETI predicted mortality with 75%
sensitivity and 69% specificity (Y= 0.44). A cut-off value
of 0.26 for PEP/ET predicted mortality with 100% sensi-
tivity and 42% specificity (Y = 0.41; Figure 1).
Values for mean ± SD Doppler parameters and PW-
TDI parameters of diastolic function obtained in each
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Table 2: Comparison of the means ± SD values of 2D and M-
mode echocardiographic parameters in 12 surviving and 29 non-
surviving adult horses admitted for colic complicated by systemic
inflammatory response syndrome. Least-squares-mean test was
significant if P < 0.05 (ANOVA model including breed, body
weight, age, sex, and outcome)
Survivors Nonsurvivors
n = 12 n = 29 P-value
Ao (cm) 7.8 ± 0.82 7.55 ± 0.68 0.0818
IVSd (cm) 3.61 ± 0.48 3.61 ± 0.57 0.7191
IVSs (cm) 4.6 ± 0.49 4.52 ± 0.56 0.8162
LVIDd (cm) 9.26 ± 1.29 8.84 ± 1.55 0.4835
LVIDs (cm) 5.71 ± 1.24 5.34 ± 1.26 0.2900
LVFWd (cm) 3.09 ± 0.61 3.08 ± 0.65 0.7371
LVFWs (cm) 4.24 ± 0.52 4.34 ± 0.57 0.5883
LA (cm) 10.95 ± 1.27 10.27 ± 1.37 0.1827
EDV (mL) 489.95 ± 152.72 447.16 ± 167.06 0.5353
EDVI (mL/kg) 0.991 ± 0.318 0.905 ± 0.287 0.4142
ESV (mL) 177.35 ± 88.11 148.64 ± 70.43 0.2371
ESVI (mL/kg) 0.355 ± 0.175 0.3 ± 0.134 0.2154
%FS (%) 38.4 ± 7.94 39.73 ± 9.9 0.3784
EF (%) 65.55 ± 9.12 66.81 ± 11.18 0.4399
Ao: aortic diameter; EDV: LV end-diastolic volume; EDVI: LV end-diastolic
volume index = EDV/body weight; EF: LV ejection fraction; ESV: left
ventricular end-systolic volume; ESVI: ESV index = ESV/body weight;
%FS: fractional shortening; IVS: interventricular septum thickness; LA:
left atrium; LV: left ventricular; LVFW: LV free wall thickness; LVID: LV
internal diameter; n: number of horses; s: end-systolic; d: end-diastolic.
group and the results of the ANOVA test are shown in
Table 4. The Em was significantly lower and the peak
early diastolic filling velocity to Em ratio (E/Em) was
significantly higher in nonsurvivors compared to sur-
vivors. The area under the ROC curve was 0.93 for Em
and 0.89 for the ratio E/Em. A cut-off value of 0.177 m/s
for Em predicted mortality with 100% sensitivity and
73% specificity (Y = 0.72). A cut-off value of 2.67 for
E/Em predicted mortality with 100% sensitivity and 83%
specificity (Y = 0.83; Figure 1).
Other diastolic parameters including peak early dias-
tolic LV filling velocity (E), E deceleration time (DTE),
peak late diastolic LV filling velocity (A), E to A ratio
(E/A) and IVRT were not significantly different between
the 2 groups.
Discussion
Our results suggest that in horses with colic and
naturally-occurring SIRS, those patients which succumb
or are euthanized show more pronounced LV systolic
and diastolic dysfunction compared to those which sur-
vive. Certain markers of systolic (SI, ET, ETI, PEP/ET)
or diastolic (Em, E/Em) function emerged as valuable
predictors of mortality in these cases. As the SS based
mainly on HR and blood lactate concentration permits
to establish a prognosis in colic horses on admission,6
Table 3: Comparison of the means ± SD of echocardiographic pa-
rameters of global and systolic function derived from pulse wave
Doppler-mode in 12 surviving and 29 nonsurviving horses ad-
mitted for colic complicated by systemic inflammatory response
syndrome. Least-squares-mean test was significant if P < 0.05
(ANOVA model including breed, body weight, age, sex, and out-
come
Survivors Non survivors
Outcome n = 12 n = 29 P-value
VTI 21.57 ± 5.99 15.86 ± 7.78 0.0061
SV (mL) 1027.53 ± 322.23 720.74 ± 299.30 0.0055
SI (mL/kg) 2.079 ± 0.664 1.491 ± 0.637 0.0048
CO (L/mn) 50.96 ± 14.4 46.6 ± 13.42 0.3339
CI (mL/kg/mn) 103.52 ± 31.93 96.51 ± 28.74 0.307
Vmax (m/s) 0.833 ± 0.16 0.804 ± 0.161 0.5692
TTP (ms) 132.87 ± 41.29 103.61 ± 36.33 0.0617
dv/dt (m/s2) 7.23 ± 3.31 9.45 ± 5.31 0.2875
Ddv/dt (m/s2) 3.5 ± 0.73 4.15 ± 1.25 0.2316
DT (ms) 248.43 ± 36.27 203.15 ± 48.47 0.0197
PEP (ms) 62.15 ± 25.84 68.84 ± 26.07 0.2986
ET (ms) 370.67 ± 66.91 302.54 ± 73.43 0.0161
ETI (ms) 399.23 ± 61.41 342.33 ± 62.83 0.0207
PEP/ET 0.166 ± 0.06 0.235 ± 0.102 0.0222
Vcf (mm/s) 1.075 ± 0.28 1.394 ± 0.506 0.0434
CO: cardiac output; CI: cardiac index; dv/dt: acceleration rate of aortic flow
ejection phase; Ddv/dt: deceleration rate of aortic flow ejection phase; DT:
deceleration time of aortic ejection phase; ET: aortic flow ejection time;
ETI: ejection time index (corrected for HR) = ET + (0.55∗FC); n: number of
horses; PEP: left ventricular pre-ejection-period; PEP/ET: aortic flow pre-
ejection period to ejection time ratio; SI: stroke index = SV/body weight;
SV: left ventricular stroke volume derived from aortic flow in Doppler-mode;
TTP: time to peak = acceleration time of aortic flow ejection phase; Vcf:
mean velocity of circumferential fiber shortening; Vmax: maximal velocity
of the aortic flow; VTI: velocity time integral of aortic flow.
echocardiography could be used to predict more acu-
rately the chances of survival of already shocked horses
presented with tachycardia and hyperlactatemia.
A previous echocardiographic study in horses admit-
ted for colic signs suggested that systolic dysfunction
occurs with endotoxic shock; however, the results were
confused by concurrent tachycardia and a drastic drop of
EDV,24 which can both mimic systolic29, 32 as well as di-
astolic dysfunction.33 In the present study, all cases were
selected because of the presence of SIRS. Therefore, they
all exhibited a high HR and 2D and TM-mode echocar-
diographic evidence of a drastically low LV preload as
indicated by a very low EDV compared to normal values
in euhydrated horses or even experimentally hypohy-
drated horses.34 Since HR or EDV were not significantly
different between surviving and nonsurviving horses in
the present study, tachycardia and falling preload were
assumed not to have greatly influenced outcome.
Although EDV is recognized as one of the best preload
estimates in people with early septic shock,35, 36 the fre-
quent systolic dysfunction and dynamic changes in LV
compliance associated with septic shock preclude the
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Figure 1: Receiver operating characteristic curves of PEP/ET and E/Em to predict hospital mortality in 41 horses admitted for colic
complicated by systemic inflammatory response syndrome. AUC: area under the receiver operating characteristic curve; E/Em: peak
early transmitral flow velocity to peak early diastolic myocardial velocity ratio; PEP/ET: aortic flow pre-ejection period to ejection time
ratio.
use of EDV to predict fluid responsiveness in these pa-
tients unless LV size is very small (preload dependent
patients).37, 38
While indicating a favorable prognosis in people
with septic shock by predicting a better response to
fluid resuscitation,5, 11 in the present study a low SI
(<1.78 mL/kg) on admission predicted an unfavorable
outcome (83% sensitivity, 62% specificity). This discrep-
ancy could be due to impaired myocardial contractility
which may worsen the influence of reduced preload in
nonsurviving horses, or may be due to the large volumes
of fluid required by adult horses compared to people
because of body size. Therefore, any preload-dependent
systolic impairement is less likely to be corrected in adult
horses.7
Systolic time intervals are known to be more reliable
indices of systolic function than Vcf or EF.39 However,
the changes observed in this study may also be due
to tachycardia or falling preload,29, 39 as has been de-
scribed in hemodialyzed human patients.32 Considering
the comparable HR and preloading conditions in both
groups, the lower ET with a higher PEP/ET ratio in the
nonsurvivors may indicate a more compromised systolic
function compared to surviving horses.
An increased PEP/ET ratio (>0.26) predicted mortal-
ity in colic horses with a high sensitivity (100%) but a low
specificity (42%) in the present study. Since PEP and ET
change in opposite directions with systolic dysfunction,
PEP/ET is known to be more sensitive for predicting sys-
tolic dysfunction than either of these parameters alone.20
In an early study in people with sepsis, a high PEP/ET
on admission also carried a poor prognosis,40 and this
ratio could be used as in human ICUs to identify horses
with severe LV systolic dysfunction and a high risk of
death.
Concerning diastolic function, impaired relaxation
was suspected in both groups, based on the mitral flow
profile with a low E/A ratio combined with a prolonged
IVRT compared to previously published reference values
in adult horses.28, 30 This pattern may however simply re-
sult from the reduced preload22 or from the tachycardia33
observed in both groups. Indeed, in people with sep-
tic shock, reversal of the transmitral flow pattern has
been attributed to falling preload and did not carry a
poor prognosis unless combined with a poor LV systolic
function.22
On the contrary, a low Em (< 0.177 m/s) predicted
mortality with 100% sensitivity and 73% specificity in
the present study, suggesting a more compromised relax-
ation in nonsurviving horses. Em, which reflects relax-
ation kinetics,33 is typically reduced in case of impaired
LV relaxation associated with septic shock in people,41
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Table 4: Comparison of the means ± SD of echocardiographic pa-
rameters of diastolic function derived from pulse wave Doppler-
mode and pulse wave tissue Doppler imaging mode in 12 surviv-
ing and 29 nonsurviving horses admitted for colic complicated by
systemic inflammatory response syndrome. Least-squares-mean
test was significant if P < 0.05 (ANOVA model including breed,
body weight, age, sex, and outcome)
Survivors Non survivors
Outcome n = 12 n = 29 P-value
E (m/s) 0.555 ± 0.13 0.571 ± 0.193 0.686
VTIE 9.4 ± .3.25 9.03 ± 4.94 0.9964
dE (ms) 259.92 ± 51.39 230.42 ± 87.35 0.5355
DTE (ms) 141.32 ± 48.02 122.02 ± 51.68 0.6982
Ddv/dtE (m/s2) 4.61 ± 1.94 5.52 ± 2.81 0.4166
A (m/s) 0.493 ± 0.14 0.579 ± 0.2 0.2397
VTIA 5.53 ± 1.82 6.46 ± 2.43 0.2464
dA (ms) 171.58 ± 31.78 174.65 ± 41.19 0.6146
E/A 1.149 ± 0.416 1.062 ± 0.373 0.4912
IVRT (ms)∗ 83.61 ± 30.96 69.33 ± 26.68 0.1938
Em (m/s)∗ 0.234 ± 0.034 0.135 ± 0.057 0.0010
E/Em∗ 2.08 ± 0.42 5.11 ± 2.49 0.0051
∗Data from pulsed-wave tissue Doppler mode were available for only 25
horses (7 surviving and 18 nonsurviving horses); A: peak late LV filling
velocity; dA: late LV filling duration; Ddv/dtE: deceleration rate of early
LV filling; dE: early LV filling duration; DTE: deceleration time of early LV
filling; E: peak early LV filling velocity; E/A: peak early to late LV filling
velocity ratio; Em: peak early diastolic myocardial velocity; E/Em: peak
early LV filling velocity to peak early diastolic myocardial velocity ratio;
IVRT: isovolumic relaxation time; LV: left ventricular; VTI: velocity time
integral.
and is considered to be preload independent in case of
impaired relaxation.38, 42 However, a mixed pattern com-
bining impaired relaxation with restrictive ventricular
filling was suspected based on a higher E/Em ratio in
the nonsurviving group with a cut-off value of 2.67 of-
fering the best sensitivity (100%) and specificity (83%) to
predict mortality. By correcting the effect of LV relaxation
on E velocity,38 the E/Em ratio is considered one of the
best Doppler estimates of LV filling pressure.38, 42 Despite
being observed less frequently than impaired myocar-
dial relaxation, this restrictive filling pattern has been
described in human septic patients,12, 43 where E/Em re-
cently proved to be an independent predictor of sur-
vival, even demonstrating a higher sensitivity (100%)
and specificity (83%) than blood cardiac biomarkers or
systolic function parameters.12 The origin of this sepsis-
induced diastolic dysfunction is currently incompletely
understood but has been associated with histological
evidence of inflammatory infiltrates, interstitial edema,
apoptosis and necrosis of the myocardium resulting
in decreased compliance and subsequent LV pressure
elevation.12, 43
The main limitation of this study was related to the use
of echocardiography itself, which typically provides a
noninvasive assessment of LV systolic and diastolic func-
tion but is highly dependent on loading conditions of the
heart and HR, which are substantially altered by SIRS. In
addition, afterload was not assessed in this study. Inva-
sive direct measurements of mean arterial pressure and
central venous pressure to determine systemic vascular
resistance could have provided a more reliable interpre-
tation of our results. Even if assessment of Em by PW-
TDI at the level of the LV free wall in short axis has been
shown to be reliable and repeatable in horses,28 Doppler
parameters may be subject to variability and a follow-up
of individual horses, especially the response to a fluid
challenge may provide more accurate prognostic indica-
tors than isolated Doppler measurements.
The limited number of horses included in this study,
especially in the surviving group, limited its statistical
power. However, the survival rate in this study (12/41
or 29.3%) is in agreement with previous data of horses
with colic complicated by SIRS.6
In the absence of a well-established definition in
horses, the diagnosis of SIRS in this study was based
on clinical and blood parameters mirroring the defin-
ing criteria of SIRS in human medicine9, 44 associated
with hyperlactatemia or low systolic arterial pressure as
markers of hypoperfusion without attempting to iden-
tify endotoxins in the blood. Nevertheless, the detection
of lipopolysaccharides in the blood suffered from low
sensitivity (only 58.4%) and specificity (87.5%) to detect
clinical endotoxemia and added little to the prognosis of
equine colic compared to clinical parameters.45
The underlying mechanisms of sepsis-induced my-
ocardial failure are not well understood, but sev-
eral pathways have been hypothesized in human pa-
tients. They include excess production of nitric oxide
in cardiomyocytes with direct effect on contractility
and via a cytopathic hypoxia as a consequence of de-
pressed mitochondrial respiration and impaired oxy-
gen utilization.4, 5, 46 This hypoxia could be worsened
by an impairment of auto-regulating mechanisms of
microcirculation, which generates a heterogenous my-
ocardial oxygen supply.47 Furthermore, endotoxins dis-
rupt calcium transfer at various sites, causing a decrease
in calcium sensitivity and an unresponsiveness to -
adrenergic stimulation of the cardiomyocytes.4 Other
factors such as autonomic nervous system dysfunction,5
myocardial inflammatory infiltration,46 or a tachycardia-
induced cardiomyopathy4 may similarly contribute to
myocardial depression. All or some of these factors
could result in a decrease in myocardial contractility and
compliance.4, 5
Therefore, cardiac performance may be altered by im-
pairement of either diastolic function (ventricular filling
defect secondary to combined low venous return and
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impaired relaxation or compliance) or systolic function
(lack of contractility). Decreased cardiac performance
with low EF and SV could be transiently compensated by
sympathic stimulation and tachycardia to maintain CO
but may result in circulatory failure with a drop of CO
(eg, cardiogenic shock). In the present study, CI showed a
high interindividual variability in nonsurviving horses,
and this could be due to different hemodynamic profiles
mirroring those observed in human patients who suc-
cumb from septic shock.11, 36, 38 This way, a cardiogenic
shock with low CI was suspected in 3 horses (including
the one spontaneous death) although a classic distribu-
tive shock characterized by refractory hypotension de-
spite a preserved CI (with late appearance of MODS in
some cases) was recognized in most horses subjected to
euthanasia.
This myocardial dysfunction (systolic or diastolic) is
known to be reversible within 7 to 10 days in human
patients who survive septic shock.4 This phenomenon
is sometimes considered a protective mechanism to re-
duce energy expenditure and oxygen demand during
endotoxic shock. This “cardiac hibernation” presumably
allows preservation of heart viability and integrity.4 Al-
though an excellent recovery of cardiac performance has
been observed in most surviving patients, some chil-
dren suffered from long-term cardiac complications such
as exercise-induced arrythmia or decreased LV function
after septic shock.48 The athletic prognosis and any de-
layed effects of SIRS on cardiac function are currently
unknown in horses and warrants further investigation.
Conclusion
In the present study, certain echocardiographic mark-
ers of either systolic (PEP/ET > 0.26) or diastolic
(E/Em>2.67) dysfunction predicted a poor outcome in
colic horses with SIRS, suggesting that echocardiogra-
phy may provide useful prognostic information in these
horses as has been shown in human patients with septic
shock.12, 20 The clinical significance of the more marked
myocardial depression occuring with SIRS in nonsur-
viving horses warrants further investigation. Early use
of hemodynamic monitoring during the course of severe
sepsis and septic shock with the implementation of early
goal directed therapy has significantly lowered mortality
in human ICUs.2, 44 As already used in people,2, 8, 11, 12, 17
echocardiography could further be used in equine crit-
ical care to assess the response to fluid delivery and to
guide early selection of appropriate support treatments
(ie, fluids, positive inotropes, vasopressors).
Footnotes
a Accutrend Roche Diagnostics, Mannheim, Germany
b Medonic, CA 530 Oden, Sweden.
c Dinamap R©845 Veterinary Blood Pressure Monitoring, Critikon, Tampa,
FL.
d Vivid I, General Electric, Diegem, Belgium.
e Echopac, General Electric Healthcare Europe GMBH., Diegem, Belgium.
f SAS Institute Inc., Cary, NC.
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